Objective: To determine in children the association between waist circumference (WC) and insulin resistance determined by homeostasis modeling (HOMA-IR) and proinsulinemia and components of the metabolic syndrome, including lipid profile and blood pressure (BP).
T

HE PREVALENCE OF CHILD-
hood obesity has doubled in the past 2 decades, accompanied by an epidemic of type 2 diabetes mellitus (T2DM) and potentially devastating cardiovascular disease (CVD) consequences. 1 In adults, measurement of waist circumference (WC) as an indicator of intra-abdominal fat mass more directly correlates with CVD risk and atherogenic lipoprotein profile than does overall obesity as determined by body mass index (BMI). 2 The health risks associated with an excessive abdominal fat distribution in children, however, are unclear. The Bogalusa Heart Study showed that an abdominal fat distribution determined by WC in children aged 5 to 17 years was associated with abnormal concentrations of triglycerides, low-density lipoprotein and high-density lipoprotein cholesterol, and insulin. 3, 4 The aim of this study was to determine among students from schools in Buenos Aires, Argentina, the association between WC and components of the metabolic syndrome, including obesity (BMI), insulin resistance (using homeostasis model assessment [HOMA-IR] and proinsulin levels), lipid profile, and blood pressure (BP).
METHODS
Students aged 6 to 13 years (mean±SD, 9.2±2.2 years) were examined between April and August 2003. Age, sex, weight, height, WC, and Tanner stage 5, 6 were recorded. Weight was measured to the nearest 0.1 kg on a medical balance scale. Body mass index was calculated as weight in kilograms divided by the square of height in meters. Height was measured to the nearest 0.1 cm with a wall-mounted stadiometer. Nonobese children were defined as having a BMI lower than the 85th percentile; overweight and obese were defined as a BMI in the 85th to 94th percentiles and the 95th percentile or higher, respectively, according to the Centers for Disease Control and Prevention growth charts for US children. A BMI z score was also determined. 7 Obese children were further classified as severely obese with a BMI z score of 4 or higher. 8 We identified 68 overweight and obese children from the population for further study using a random number table. Sixteen nonobese children were matched for sex and age with the random obese and overweight sample, and each of the 3 groups had no significant differences in BMI z score with the obese, overweight, and nonobese groups in the sample of 2202 children.
All subjects were examined by the same physician and had normal findings on physical examination except for acanthosis nigricans and truncal obesity. Each child was examined for the presence of acanthosis nigricans on the neck, axillae, and skin folds. They also had normal hepatic, renal, and thyroid function confirmed by measurement of aspartate aminotransferase, alanine aminotransferase, serum urea nitrogen, and thyrotropin concentrations.
The WC measurement was taken at the level of the umbilicus and recorded to 0.1 cm. A nonelastic flexible tape measure was used with the subject standing without clothing covering the waist area. The WC measures were divided into percentiles from the raw data and were entered separately for boys and girls ( Table 1) . Central obesity was defined as WC higher than the 90th percentile. 9 Arterial hypertension was defined as average systolic or diastolic BP in the 95th percentile or higher for age, sex, and height measured on at least 3 separate occasions. 10 Blood specimens were obtained after a 12-to 14-hour fast for determination of plasma glucose and serum lipid, insulin, and proinsulin concentrations. Plasma glucose was obtained by the glucose oxidase technique and serum lipids were measured with a Hitachi Modular P analyzer (Roche Diagnostic, GmbH, Mannheim, Germany and Hitachi High-Technologies Corporation, Tokyo, Japan). Serum insulin levels were determined by radioimmunoassay (Diagnostic Products Corporation, Los Angeles, Calif ) and did not cross-react with proinsulin or C-peptide (within run, 5.2%; total run, 6.8%). Proinsulin concentration was measured by a 2-site immunochemiluminometric assay (within run, 6%; total run, 12%).
A standard oral glucose tolerance test was administered with 1.75 g of anhydrous glucose per kilogram of body weight or a maximum of 75 g, given after the baseline blood specimens for glucose were obtained. Repeat samples for glucose were taken at 120 minutes after carbohydrate load. Impaired glucose tolerance and T2DM were defined according to the American Diabetes Association criteria.
11
Insulin resistance was assessed by 2 different approaches, HOMA-IR and proinsulin levels. The HOMA-IR was validated in children and adolescents and was strongly correlated with insulin resistance. 12 The following equation for HOMA-IR index was used: (fasting insulin levelϫfasting glucose level)/22.5. 13, 14 Proinsulin levels were measured as an index of insulin resistance. Studies of subjects without diabetes mellitus suggest that an elevated proinsulin level is more strongly associated with CVD than is hyperinsulinemia. [15] [16] [17] The study was approved by the Human Rights Committee of Durand Hospital in Buenos Aires. Each subject and parent gave written informed consent after an explanation of the study and before the initiation of the research studies.
The 2 test was used to compare proportions. When more than 20% of the cells had expected frequencies less than 5, the Fisher exact test was used. The fit-to-normal distribution of continuous variables was assessed using the Shapiro-Wilks test. Oneway analysis of variance (Student-Newman-Keuls post hoc test) was used when comparing more than 3 groups and with data that were normally distributed. When the homogeneity of the variances could not be proved, we used the nonparametric Kruskal-Wallis test instead of analysis of variance, with the Dunn post hoc test. To measure the strength of association between 2 variables, a Spearman rank correlation coefficient was used. Multiple linear regression analysis was performed to examine the relationship between WC and other continuous variables, such as age, BMI, BP, lipid and/or lipoprotein levels, and HOMA-IR and proinsulin measures. P values Ͻ.05 were considered statistically significant. Data are presented as mean±SD. Analyses were 
RESULTS
Eighty-four students (44 girls) were evaluated, among whom 28 were overweight; 40, obese; and 16, nonobese. There was no difference in the mean±SD age of these 3 groups (nonobese, 9.3±1.5 years; overweight, 8.9±2.0 years; obese, 9.6±2.6 years; PϾ.30). The mean±SD BMI z score of these 3 groups was nonobese, −0.52±0.9; overweight, 1.43±0.22; and obese, 2.17±0.17. None had a BMI z score of 4 or higher. Forty-four (52.4%), 20 (23.8%), 10 (11.9%), and 10 (11.9%) were Tanner stage I, II, III, and IV, respectively; mean BMI z score was not different among the 4 Tanner stage groups. Subject characteristics are depicted in Table 1 . Insulin resistance increased significantly between Tanner stages I and II and remained stable through Tanner stages II, III, and IV. Two of the 84 children had impaired glucose tolerance documented by an oral glucose tolerance test; none of them were found to have T2DM.
The prevalence of WC higher than the 90th percentile was 0%, 28.6%, and 87.5% in the nonobese, overweight, and obese groups, respectively (P=.001). Both overweight and obese groups had HOMA-IR significantly higher than the nonobese group (PϽ.001). The mean proinsulin levels were significantly different between groups (PϽ.001), with the mean proinsulin level being approximately 3-fold higher in the obese group than in the nonobese group. The systolic and diastolic BPs were higher in the obese group than in the other 2 groups (PϽ.001). Hypertension was present in 25% of the obese group but was not present in the other 2 groups (P=.002). Mean values for clinical and laboratory findings of the different groups are shown in Table 1 . Approximately 51% (n=26) of the children with WC higher than the 90th percentile vs 28% (n=12) in the group without WC higher than the 90th percentile had at least 1 additional risk factor for CVD, such as elevated BP, hyperlipidemia, or insulin resistance (HOMA-IR highest quartile; PϽ.01). More than 23% (n=10) in the group with central obesity had 2 or more of these risk factors and only 2.5% (n=1) in the group with WC higher than the 90th percentile.
Eighty-four subjects were divided into 4 groups by HOMA-IR quartiles for comparison by analysis of variance, with age and BMI z score and other variables entered as covariates. As insulin resistance increased, BMI, WC, and BP increased dramatically (PϽ.001). Seventeen (85%) of the 20 children in quartile 4 had WC higher than the 90th percentile vs 7 (33%) of 21 in quartile 1 (P=.003). With increasing insulin resistance, the mean proinsulin level was approximately 4 times higher in quartile 4 than in quartile 1 ( Table 2) .
There was univariate association (PϽ.01) between WC and height (r = 0.73), BMI (r = 0.96), Tanner stage (r =0.67), age (r =0.56), systolic BP (r =0.64), diastolic BP (r=0.61), high-density lipoprotein cholesterol level (r = 0.45), triglyceride level (r = 0.28), proinsulin level (r=0.59), and HOMA-IR (r =0.59).
Multiple linear regression analysis using HOMA-IR as the dependent variable showed that WC and systolic BP were significant independent predictors for insulin resistance adjusted for diastolic BP, height, age, Tanner stage, acanthosis nigricans, BMI, and high-density lipoprotein cholesterol level ( Table 3) . Waist circumference and systolic BP explained 42.9% of the variance. To obtain an R 2 in each step, we used the stepwise method. The first step, which incorporated only WC, explained 38.9% of the total variance; the second step, which included WC and systolic BP, produced an increase of 4% of the variance, reaching 42.9%. Acanthosis nigricans was assessed in patients, but it was not a predictive factor for insulin resistance. This suggests that WC is a predictor of insulin resistance syndrome and could be used in clinical practice as a simple tool to identify children at high risk for the later development of hypertension, dyslipidemia, and T2DM.
COMMENT
We have demonstrated that abdominal obesity is associated with several components of the metabolic syndrome in children. In adults, insulin resistance is associated with increased risk of both atherosclerosis and T2DM. 18 The Third Report of the National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III) established criteria for diagnosing the metabolic syndrome in adults. 19, 20 Individuals with 3 or more of 5 abnormalities, including abdominal obesity (WCϾ102 cm in men and Ͼ88 cm in women), elevated BP, and elevated serum triglyceride, decreased high-density lipoprotein cholesterol, and elevated fasting glucose levels, were considered to have the syndrome. Waist circumference is a highly sensitive and specific measure of upper body fat and has been shown to correlate with insulin resistance syndrome in adults. 20 Measurement of WC in children showed a good correlation with insulin resistance in this study and, thus, may be a valuable tool for identifying overweight and obese children who are at risk of developing metabolic and cardiovascular complications. This is further validated by studies demonstrating that children with WC higher than the 90th percentile (central obesity) are more likely to have multiple risk factors for CVD. 21 The dichotomous classification of WC greater than 102 cm in men and greater than 88 cm in women as a risk criterion is inconsistent with the fact that WC is a continuous variable that is positively correlated with cardiovascular risk across the entire WC range. In adults, the definition and severity of abdominal obesity is based on straightforward sex-specific threshold values related to the risk of outcomes. Children require a separate threshold of sex-specific WC norms relative to age, height, and stage of sexual maturity because of the normal increase in WC throughout childhood. Waist circumference has a low intraobserver and interobserver error, and when adjusted for clothing, accuracy remains good. 9 Waist circumference is easy to measure and more reproducible than skinfold measurements. 21 The global increase in obesity in children and adolescents increases the risk for T2DM and adult CVD as components of the metabolic syndrome. The insulin resistance of obesity is considered to play a major role in the development of the metabolic syndrome. Studies in adults demonstrate that abdominal obesity and high fasting insulin levels are strong and independent predictors of later development of insulin resistance syndrome. 22 Waist circumference is a useful measure of the abdominal obesity that is more closely related to CVD risk than is overall obesity. The present study is consistent with previous descriptions of the effects of fat distribution on risk factors for CVD in adolescents. A more central deposition of fat (android pattern) was associated with an elevation of triglyceride level, decreased high-density lipoprotein cholesterol level, increased systolic BP, and increased left ventricular mass. 23 These relationships persisted after controlling for other variables such as age, race, sex, and height.
Because HOMA-IR might be insufficiently precise for estimating insulin resistance, we also measured proinsulin levels. Elevated fasting concentrations of intact proinsulin have been reported to be markers of insulin resistance. 24, 25 Consistent with the present study, increased proinsulin levels with increasing insulin resistance in obese girls suggested that elevated proinsulin concentrations reflect increased ␤-cell output proportional to the elevated insulin concentrations in this group and not a defect in proinsulin processing or secretion. 8 The use of acanthosis nigricans as a predictive marker of hyperinsulinemia has become a common practice. Previous studies have associated the presence of acanthosis nigricans with high insulin levels, thus identifying a subgroup believed to be at greater risk for T2DM. 26 Acanthosis nigricans was proposed by the American Diabetes Association as an insulin resistance marker and an independent risk factor for T2DM in children. 27 On the other hand, several studies found that all of the measures of body adiposity were superior to acanthosis nigricans for the diagnosis of insulin resistance. Use of acanthosis nigricans as the sole indicator of hyperinsulinemia led physicians to miss the diagnosis in half of all children with significant hyperinsulinemia. 28, 29 Consistent with these results, we found that acanthosis nigricans was not a predictive factor for insulin resistance.
In our study, there was a significant correlation between WC and all the components of the metabolic syndrome. Multiple linear regression analysis using HOMA-IR as the dependent variable showed that WC and systolic BP were independent predictors for insulin resistance, when adjustment was made for other variables. Insulin resistance was predicted by WC and systolic BP, which explained 42.9% of the total variance. In adults, insulin resistance drives the processes underlying the metabolic syndrome. 30 Visceral obesity may be an important risk factor for insulin resistance syndrome in children. Waist circumference serves as a readily available means to estimate abdominal obesity in the office setting. Normative data specific for ethnic group need to be collected. The present study showed that children with abdominal obesity, as determined by WC, have increased metabolic risk factors for CVD and T2DM. Because this study is crosssectional, longitudinal studies will be needed to determine the significance of our observations. 
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